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A method and apparatus for placing acoustic 
devices in wellbores. The method comprises: providing a 
tubing with at least one anchoring device in said 
wellbore, the anchoring device being extendable to the 
wellbore to exert a force on the wellbore; and 
attaching at least one acoustic device to at least one 
anchoring device; placing the tubing in the least one 
acoustic device attached to the at least one anchoring 
device in the wellbore; and setting the anchoring 
device to extend to the wellbore to exert the 
predetermined force on the wellbore, thereby coupling 
of the acoustic device to the wellbore. The acoustic 
device is attached to the anchoring device so that the 
acoustic device is located in an annulus between the 
tubing and the wellbore when the tubing is placed in 
the wellbore. Multiple- spaced apart acoustic devices 
may also be used, including combinations of sources and 
detectors, The wellbore system comprises a tubing that 
has an annular space between the tubing and the 
wellbore. At least one anchoring device is disposed on 
an outer surface of the tubing. The anchoring device 
extends to and exerts a force an the wellbore. An 
acoustic device is attached to the anchoring device. 
When the anchoring device is set in the wellbore, it 
couples the acoustic sensor with the wellbore. A 
lineattached to the acoustic device provides power 
(electrical, optical, hydraulic, etc.) to the acoustic 
device. This line also provides data communication and 
control between the device and surface control units, 
such as a processor, which may be a computer or 
another data processing and control unit such as a 
micro-processor based unit. 
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(57) A method and apparatus for placing acoustic devices in wellborcs. The method comprises: providing a tubing with 
at least one anchoring device in said wellbore, tiie anchoring device being extendable to the wellbore to exert a force on 
the wellbore: and attaching at least one acoustic device to at least one anchoring device: placing the tubing in the least 
one acoustic device attached to the at least one anchoring device tn the wellbore: and setting the anchoring device to 
extend to the wellbore to exert the predetermined force on the wellbore, thereby coupling of the acoustic device to the 
wellbore. The acoustic device is attached to the anchoring device so that the acoustic device is located m an annul us 
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between the tubing and the wellbore when the tubing is placed in the wellbore. Multiple-spaced apart acoustic devices 
may also be used, including combinations of sources and detectors. The wellbore system comprises a tubing that has an 
annular space between the tubing and the wellbore. At least one anchoring de\ ice is disposed on an outer surface of the 
mbing. The anchoring device extends lo and everts a force on the wellbore. An acouslic dev ice is attached to the 
anchoring device. When the anchoring device is set in the wellbore, it couples the acouslic sensor wnh the wellbore. A 
line attached lo the acouslic device prov ides power (electrical, optical, hydraulic, etc. ) lo llie acoustic device. This line 
also provides data communication and control between the device and surface control units, such as a processor, which 
may be a computer or another data processing and control unit such as a micro -processor based unit. 



Induslfie Canada Industry Canada 



CA 02325917 2000 - I I - 14 



ABSTRACT 

A method and apparatus for placing acoustic devices in wellbores. The 
method comprises: providing a tubing with at least one anchoring device in said 
wellbore. the anchoring device being extendable to the wellbore to exert a force on 
the wellbore; and attaching at least one acoustic device to at least one anchoring 
device; placing the tubing in the Iea6t one acoustic device attached to the at least 
one anchoring device in the wellbore; and setting the anchoring device to extend 
to the wellbore to exert the predetermined force on the wellbore, thereby coupling 
of the acoustic device to the wellbore. The acoustic device is attached to the 
anchoring device so thai the acoustic device is located in an annulus between the 
tubing and the wellbore when the tubing is placed in the wellbore. Multiple-spaced 
apart acoustic devices may also be used. Including combinations of sources and 
detectors. The wellbore system comprises a tubing that has an annular space 
between the tubing and the wellbore. At least one anchoring device is disposed on 
an outer surface of the tubing. The anchoring device extends to and exerts a force 
on the wellbore. An acoustic device Is attached to the anchoring device. When the 
anchoring device is set in the wellbore, it couples the acoustic sensor with the 
wellbore. A line attached to the acoustic device provides power {electrical, optical, 
hydraulic, etc.) to the acoustic device. This line also provides data communication 
and control between the device and surface control units, such as a processor, 
which may be a computer or another data processing and control unit such as a 
micro-processor based unit. 
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r^pnss RFFPRPMCES TO RELATED APPLICATIONS 

This application claims priority from United States Provisional Application 
Serial Number 60/165,272 filed on November 12, 1999. 

BACKGROUND OF THE I NVENTI ON 

1. Fiplrfnfthe Invention 

This invention relates to downhole seismic services and more particularly to 
a method for deployment, mounting and coupling of motion sensors and sources 
downhole. 

2. Dascrlption nf foe Rotated Art 

Seismic sources and sensors are often deployed in wellbores for a variety of 
oilfield operations, including monitoring of injection well operations, fracturing 
operations, performing "seismic-profiling" surveys to obtain enhanced subsurface 
seismic maps and monitoring downhole vibrations. Such operations include slim-to 
large-diameter boreholes, vertical to horteontal wells, open and cased holes, and 
high pressure and high temperature wells. Downhole sensors are sometimes 
utilized in combination with other logging services, either wireline, coiled tubing- 
conveyed, or with pipe to provide additional reservoir information. 

Seismic sensors deployed in wellbores are particularly useful to monitor 
fracturing and injection well operations, to generate cross-well information and to 
obtain seismic measurements over time, to obtain enhanced subsurface maps and 
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to improve reservoir modeling. However, the majority of seismic data gathering is 
accomplished by wireline methods or by deploying seismic sensors such as 
geophones on coiled tubing or production pipe. Multi-component geophones are 
usually preferred for such applications. Multi-component geophones sense motion 
in one or more directions. An example is the classical three (3) component 
geophone which detects particle motion in three mutually orthogonal directions {x, 
y and z directions). 

An inherent problem with commonly utilized deployment methods for motion 
sensors in wellbores is the presence of high amplitude vibrations. The high 
amplitude vibrations may be due to the motion of the wireline or tubing used to carry 
these sensors in the wellbore. Even when these motion sensors are attached to the 
tubing, the sensors are subjected to substantial undesired motion due to the 
movement of the tubing in the wellbore or other operating factors. Ideally, a sensor 
deployment system should be free of all motion, thus enabling the sensors to 
accurately detect motion due to induced acoustic signals. Presence of spurious 
motion associated with movement of the tubing in the wellbore can significantly 
reduce the signal to noise ratio and mask the desired seismic signal in a high 
amplitude noise field. 

Thus there is a need for a method and apparatus that reduces motion and 
noise associated with movement of tubing in the wellbore. 
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SUMMARY OP THE INVENTION 

Geophones which are rigidly coupled to the wellbore, particularly in 
production wells, can provide high fidelity signals, i.e., with high signal to noise ratio. 
Such sensors are less likely to resonate. Distributed sensors can provide 
measurements useful for a number of applications, including monitoring of 
fracturing, seismic-profiling surveys, cross-well tomography and monitoring of 
injection operations. 

Directly coupling of the seismic receivers to the borehole, wherein the 
coupling force is substantially greater than the radial and axial force on the sensor 
due to operating conditions, provides signals with the desired high fidelity. 
Inadequate or defective coupling, however, induces distortion of seismic wavelets, 
including data amplitude loss, phase change and bandwidth reduction. Downhole 
ambient noise can swamp recorded data. It is also well known that the quality of the 
data detected by the motion sensors improves with the use of receiver arrays 
(distributed sensors) and with the acquisition of redundant data. 

Seismic sources are also placed in wellbores to induce acoustic waves in the 
formation for the kinds of operations described above with respect to receivers. 
Vibratory sources are often used as the acoustic sources. Directly coupling of the 
acoustic source in the wellbore greatly impacts the amount of energy transmitted 
into the formation. Smaller sources can be utilized with direct coupling because the 
energy loss between the source location and the receivers) is reduced. 
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In one aspect, the present invention provides a method of placing acoustic 
devices in wellbores. The method includes providing a tubing with at least one 
anchoring device in the wellbore, the anchoring device being extendable to the 
wellbore to exert a predetermined force on the wellbore, and attaching at least one 
acoustic device to at least one anchoring device; placing the tubing in the at least 
one acoustic device attached to at least one anchoring device in the wellbore; and 
setting the anchoring device to extend to the wellbore to exert a predetermined force 
on the wellbore. thereby coupling the acoustic device to the wellbore. The acoustic 
device is attached to the anchoring device so that the acoustic device would be 
located in an annufus between the tubing and the wellbore when the tubing is placed 
in the wellbore. Multiple spaced-apart acoustic devices may also be used. For 
example, spaced-apart acoustic detectors may be used in the wellbore, forming an 
array of detectors for detecting seismic wavelets. 

The acoustic device used may be any one of a plurality of geophones, at 
least one source; or a combination including at least one acoustic source and at 
least one acoustic detector. The anchoring device may be any one of a hook-wall 
packer, an inflatable packer, a tubing anchor, a tubing hanger, a whipstock packer, 
a sump packer, a tubing centralizer, or a mechanically expandable elastomeric 
packer. 

Thus, the present invention provides a wellbore for oilfield operations wherein 
the wellbore includes a tubing with an annular space between the tubing and the 
wellbore; and at least one anchoring device disposed on an outer surface of the 
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tubing. The anchoring device extends to and exerts a predetermined force on the 
wellbore. An acoustic device is attached to the anchoring device prior to the 
placement of the tubing in the wellbore. When the anchoring device is set in the 
wellbore, it couples the acoustic sensor with the wellbore. A line attached tc the 
acoustic device provides power (electrical, optical, hydraulic, etc.) to the acoustic 
device. This line also provides data communication and control between the 
acoustic device and surface control units, such as a processor, which may be a 
computer or another data processing and control unit such as a micro-processor- 
based unit. 

Examples of the more important features of the invention have been 
summarized rather broadly in order that the detailed description that follows may be 
better understood, and in order that the contributions to the art may be appreciated. 
There are, of course, additional features of the invention thai will be described 
hereinafter and which will form the subject of the claims appended hereto. 

R pi ^P DESCRIPTION OF THE DRAWINGS 

For detailed understanding of the present Invention, references should be 
made to the following detailed description of the preferred embodiment, taken in 
conjunction with the accompanying drawings, in which like elements have been 
given like numerals and wherein: 
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Figure 1 shows a schematic diagram of mechanically coupling a multi- 
component motion sensor to a well casing or liner, according to one method of the 
present invention; and, 

Figure 2 shows the deployment of a distributed sensors in a wellbore 
according to one method of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a method for directly coupling acoustic 
sources and motion sensors to a wellbore with a coupling force substantially greater 
than the radial or vertical force received by such devices during normal wellbore 
operations. In one method, the device is positioned contiguous to or as an integral 
part of a tubing-to-casing (or tubing-to-open hole) anchoring device utilized for 
anchoring to the production wellbore, thereby providing direct coupling of the device 
to the wellbore. Multi-component geophones are preferred acoustic detectors. 
Such a coupling method minimizes coupling losses associated with commonly 
utilized methods of deploying such devices in wellbores. Each anchored location 
of the device provides an acoustic node, either an acoustic source node or a seismic 
detection node. 

Figure 1 shows a schematic for the placement of an acoustic device in a 
production well 10, The well 10 6hown is a cesed well wherein a casing or liner 14 
is set in the well with cement 16 between the well 10 and the casing 14, Typical 
production wells, i.e. wells that have been completed tor producing oil/gas (formation 
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fluid), include production tubing such as tubing 18. Often such tubing has a plurality 
of spaced-apart anchoring devices such as an anchor 20 which mechanically 
couples the tubing 18 to the well casing 14 and thus the wellbore 10. Such 
anchoring devices are mechanical devices and are disposed radially around the 
tubing 18. Such anchoring devices are commercially available and are thus not 
described in detail herein. For the purpose of illustration of the present invention 
and not as a limitation, Figure 1 shows the preferred type of mechanical anchor 20 
that has an upper slip cone 24 and a lower slip cone 26. A plurality of slips usually 
three to four, 30a-30m are provided in the anchor between the upper slip 24 and the 
lower slip 26. Each of the slips 30a~30m is designed to retractably extend from the 
anchor 20 to make contact with the casing 14. Each slip further includes a set of 
teeth which are designed to firmly set into the casing 14 when the corresponding slip 
is extended. Figure 1 shows teeth 31a-31m respectively on slips 30a-30m. The 
slips 30a-30m may be set (extended to contact the casing 14) hydraulically via 
tubing pressure or via a separate capillary tubing (not shown), preferably affixed 
externally to the casing 14. 

The anchor 20 also includes a top sub 34 above the upper slip cone 24 and 
a bottom sub 36 below the lower slip cone 26. The top sub 34 and the bottom sub 
36 are threaded into the anchor body 21 . In a production well, the casing 14 is set 
in the well 10 with cement 16 in the annulus 11 between the casing 14 and the 
inside wall 13 of the wellbore 10. After the casing 14 has been set, a production 
tubing 18 with a plurality of spaced apart anchoring devices (also referred to herein 
as anchor or anchors) along with other production equipment and devices (not 
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shown, as such devices are well known in the art) is placed inside the casing 14. 
The production tubing usually extends to the lowest producing zone. There is 
usually an annulus space, such as space 15 between the production tubing 18 and 
the casing 14. Figure 1 shows a pair of orthogonally-oriented three-component 
geophones 40 and 41. Elements 40x, 40y and 40z represent the three x, y, and z 
components of the sensor 40. 

The use of the annular space 15 enables the orthogonal orientation of the 
individual geophone sets. Annular positioning also allows for redundant positioning 
of more than one set of geophones for differential operations. Direct coupling of the 
devices to the casing or wellbore - as part of the anchoring system - minimizes 
typical coupling efficiency losses. The annular mounting can also utilize acoustic 
isolation systems, thus preferentially decoupling the geophones from the tubing 
string and hence reducing the tubing-conducted noise white maintaining the 
preferred direct coupling of the device to the casing or the wellbore. Annular 
mounting enables geophysical surveying and data gathering without interfering with 
the production operations. The formation fluid may be produced through tubing 18 
during any operation of the devices coupled to the wellbore according to the present 
invention. The devices may also be coupled to open holes, i.e., wellbores without 
the casing. In such wellbores, the anchor device is directly coupled to the wellbore 
interior. The coupling system described above is equally applicable to such open 
hole completions. 
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In the present invention, the force exerted on the wellbore by the anchor is 
substantially greater than any lateral (also referred to herein as radial) force or 
longitudinal or axial force received by the device during normal wellbore operations. 
Although mechanical anchors are preferred as the anchoring devices, any number 
of different devices may be utilized. Such devices may include, hook-wall packers, 
inflatable packers, tubing anchors, tubing hangers, whipstock packers, sump 
packers, tubing centralized, and mechanically expandable elastomeric packers. 

A power, control and data communication line or link 50 runs from the 
surface to the device 20. The line 50 is preferably run along the outside of the 
tubing 18 so that line 50 will be positioned in the annular space 15 and will not 
interfere with any wellbore production or maintenance operations. Any suitable 
conductors or combinations of different types of lines may be used. Fiber optic lines 
may be used if the devices used require optical energy or optical data transfer to the 
surface equipment. Other sensors thai measure such parameters as acoustic 
pressure, temperature, reservoir pressure, and compass orientation can be included 
along with the motion sensorfs) on a common physical installation. 

Figure 2 shows a plurality of devices I20a-120m disposed around a tubing 
118 suitably coupled to a wellbore 110 formed from a surface location 101 and 
penetrating a producing formation 117. Formation fluid (oil and gas) 119 from the 
producing formation 117 flows into the tubing via the perforations 123 and then to 
the surface 101. The location of each of the devices 120a-120m provides an 
acoustic node along wellbore 110. Acoustic devices 140a-14Om respectively are 
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attached or coupled to devices 120a-120m respectively. One or more lines, such 
as line 150, extending from the surface, provide power to the devices 140a-140m 
and data communication, and control between the devices and surface equipment. 
Particularly, energy to the devices 140 is provided by a source 152. A processor 
or control unit that may be a computer or a micro-processor-based unit receives 
sensor signals from the sensors 140 and provides and processes such data 
according to programs and models provided thereto. The control unit 154 also 
controls the operation of any acoustic sources deployed at any of the acoustic 
nodes N r N„. The wellbore depicted in Figure 2 is a vertical well The devices are 
equally applicable to horizontal and multi-lateral well configurations. 

The above-described system and method provide direct coupling of acoustic 
devices to the wellbore. The direct coupling force is substantially greater than any 
motion force observed by the device in the wellbore. This provides a more stable 
platform for those devices sensitive to the motion than do current methods. The 
response of the acoustic sensors, such as multiple-component geophones. provide 
better signals compared to conventional coupling methods. The acoustic devices 
coupled to the wellbores according to the methods of the present invention may be 
used for any application that requires deployment of acoustic sources and/or 
detectors in the wellbore. Such uses may include, but are not limited to cross-well 
tomography, vertical seismic and reverse vertical seismic profiling surveys, 
monitoring and control of injection well and fracturing operations. 
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The foregoing description is directed to particular embodiments of the 
present invention for the purpose of illustration and explanation. It will be apparent 
however, to one skilled in the art that many modifications and changes to tfte 
embodiment set forth above are possible without departing from the scope and the 
spirit of the Invention. It is intended that the following claims be interpreted to 
embrace all such modifications and changes. 
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WHftTtS CLAIMED IS: 

1 . A method of placing at least one acoustic device in a wellbore, comprising: 

(a) providing a tubing with at least one anchoring device in said wellbore, 
said anchoring device being extendable to the wellbore to exert a 
force on the wellbore; and 

(b) attaching the at least one acoustic device to the at least one anchoring 
device; 

(c) placing said tubing with the at feast one acoustic device attached to 
said at least one anchoring device in the wellbore; and 

(d) extending the anchoring device to the wellbore to exert force on the 
wellbore, thereby coupling the acoustic device to the wellbore. 

2. The method of claim 1. wherein said at least one acoustic device includes at 
least one of (i) a plurality of seismic motion sensors, (ii) at least one source; and (iii) 
a combination including at least one acoustic source and at least one acoustic 
detector. 

3. The method of claim 1 % wherein the step of attaching satd at least one 
acoustic device Includes attaching said at least one acoustic device to an exterior 
section of the tubing, 

4. The method of claim 3, wherein the at feast one acoustic device is attached 
to the anchoring device so that the acoustic device is located in an annulus between 
the tubing and the wellbore when the tubing is placed in the wellbore. 
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5. The method of claim 1 . wherein the at least one anchoring device is selected 
from a group consisting of (i) a hook-wall packer, (ii) an inflatable packer, (iii)a tubing 
anchor, (iv) a tubing hanger, (v) a whipstock packer, (vi) a sump packer, (vil) a 
tubing centralizer. and (viii) a mechanically expandable elastomeric packer. 

6. The method of claim 1, wherein attaching the at least one acoustic device 
includes at least partially embedding the at least one acoustic device in a section of 
the anchoring device. 

7. A wellbore system for placing at least one acoustic device In a wellbore for 
oilfield operations, comprising: 

(a) a tubing placed in said weHbore with an annular space between the 
tubing and the wellbore; 

(b) at least one anchoring device on an outer periphery of said tubing, 
said at least one anchoring device extending to and exerting a force 
on said wellbore; and 

(c) at least one acoustic device attached to said at least one anchoring 
device prior to the placement of said tubing in said wellbore. 

8. The wellbore system of claim 7, wherein the acoustic device is deployed in 
the annular space. 
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9. The wellbore system of daim 7, wherein the at Iea6t one acoustic device 
includes one of (i) a plurality of seismic motion sensors, (ii) at least one source; and 
(iii) a combination including at least one acoustic source and at least one acoustic 
detector. 

10. The wellbore system of claim 7, wherein the at least one anchoring device 
is selected from a group consisting of (i) a hook-wali packer, (ii) an inflatable packer, 
(iii)a tubing anchor, (iv) a tubing hanger, (v) a whipstock packer, (vi) a sump packer, 
(vii) a tubing centralizes and (viii) a mechanically expandable elastomeric packer. 
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Figure 2 



2S^t5773US 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



